a novel drug target membrane protein CrgA in M. tuberculosis peptidoglycan polymerization complex. We show that CrgA interacts strongly with FtsZ, FtsQ, CwsA and the class B penicillin binding proteins such as FtsI and PBPA in M. smegmatis. CwsA a binding partner of CrgA binds to Wag31 another key protein in peptidoglycan synthesis. Co-localization of CrgA with FtsZ in the mid cell region facilitates the Z-ring formation during the cell division process. Thus structural characterization of CrgA in a lipid bilayer is essential. Full length CrgA has 2 transmembrane (TM) helices, a 32 residue N terminal domain, a very short C terminal domain, and a 10 residue interhelical loop for a total of 93 residues and an 11.4 kDa molecular weight. Full length 15N, 13C uniform and amino acid specific labeled CrgA was over-expressed and purified from E. coli with a yield of 35 mg/L. To mimic the membrane environment, isotope labeled CrgA was reconstituted in POPC:-POPG liposomes. Orientation dependent 2D Polarization Inversion Spin Exchange at Magic Angle (PISEMA) and 3D Magic Angle Spinning (MAS) solid state NMR experiments were performed to obtain structural restraints. For all ssNMR experiments Low E probes in 600 and 900 MHz magnets were used at the NHMFL. CrgA TMD structure was calculated by CSRosetta and XPLOR-NIH. Structure refinement was enhanced by restrained molecular dynamics in a lipid bilayer environment.
1125-Pos Board B17
Tertiary Structural Models for a Three Helix Membrane Protein in a Bilayer Environment from Oriented Sample Solid State NMR Data Dylan T. Murray, James Griffin, Ivan Hung, Timothy A. Cross. The Florida State University, Tallahassee, FL, USA. 1/3 of the world's population is infected with Mycobacterium tuberculosis 10% of whom will become sick from the bacilli. Multidrug resistant strains immune to the leading tuberculosis antibiotics, isoniazid and rifampicin, have emerged necessitating new treatments. Resuscitation from the dormant state is a key point at which infection can be fought. Cell wall reorganization is important for this activity and relies on transglycosylase enzymes to synthesize and degrade the peptidoglycan component. These enzymes can have membrane anchors and could therefore be regulated by membrane proteins. The gene product Rv1861 is identified by a domain signature associating it with transglycosylase proteins. The, short, 101 amino acid protein contains three transmembrane helices and the Walker A nucleotide binding motif. Structural characterization of membrane proteins of this size has been challenging using conventional methods. Solid state NMR is a technique that is well suited for studying these intermediate size membrane proteins. Most importantly it allows experiments to be performed in a native-like lipid bilayer environment. Here we present a characterization of the secondary and tertiary structure of Rv1861 in a synthetic lipid bilayer environment. Using oriented sample solid state NMR we characterized the tilt and rotation of each helix in Rv1861. A set of tertiary structural models were created using the helix orientations and the typical structural contributions of certain amino acid types in the asymmetric membrane environment. These structural models allow for targeted measurements of structural restraints. Magic angle spinning solid state NMR of the protein in liposomes is ideally suited to measure distance that are essential for providing the correct tertiary fold of the transmembrane helices of Rv1861. Initial results in this direction will be presented.
1126-Pos Board B18
Investigating the Interaction Between Hcf106 Peptides and the Phospholipid Bilayer by Solid-State NMR Spectroscopy Lei Zhang, Lishan Liu, Gary Lorigan, Carole Dabney-Smith. Miami University, Oxford, OH, USA. In plant cells most thylakoid lumen proteins are synthesized in the cytosol as higher molecular weight precursors containing targeting sequences, which are imported into chloroplasts and localized to thylakoid lumen for function. Two thylakoid transport systems direct precursors to the thylakoid lumen. Our lab focuses on one of those transport systems: cpTat (chloroplast Twin arginine translocation) system, which transports fully folded proteins utilizing the trans-thylakoidal proton motive force as its only energy source. The cpTat pathway consists of three membrane-bound subunits, Tha4, Hcf106, and cpTatC. cpTatC and Hcf106 form a receptor complex where the precursor binds to initiate the translocation events, whereas Tha4 is initially found as a separate complex that joins the receptor once the precursor has bound. Hcf106 is predicted to contain a N-terminal transmembrane domain (TMD), followed by an amphipathic helix (APH) and an unstructured C-terminus. However, detailed structural information of Hcf106 remains unknown. In this study, peptides encompassing the Hcf106 TMD or APH domain were incorporated into POPC and POPC/MGDG vesicles and analyzed by solid-state NMR spectroscopy. Using 31 P NMR we show that Hcf106 TMD/APH interact with the phospholipid headgroups. 2 H-NMR revealed the perturbation of the deuterated acyl chain by the peptides. Lastly we used CD spectroscopy to analyze the secondary structure of Hcf106 TMD and APH peptides. The experimental results suggest: (1) Hcf106 TMD and APH peptides interact with both POPC and POPC/ MGDG lipids with the lipid composition influencing the peptide-lipid interaction. (2) Hcf106 TMD and APH form alpha helical structures to varying degrees under the same conditions. (3) Hcf106 APH appears to be parallel to the membrane surface with a slight tilt into the hydrophobic region of phospholipids, whereas the TMD peptide appears to be perpendicular to the membrane surface.
1127-Pos Board B19
Characterization of Phospholamban Mutants Implicated in Dilated Cardiomyopathy Vitaly V. Vostrikov, Gianluigi Veglia. University of Minnesota, Minneapolis, MN, USA. Contractility of heart muscle relies heavily on calcium ion messaging. Heart muscle relaxation takes place when this secondary messenger is transported against the concentration gradient from sarcoplasmic reticulum to myoplasm, performed by Ca 2þ -ATPase (SERCA). The function of this calcium pump is inhibited by membrane protein phospholamban (PLN), a process that is reversed upon phosphorylation of PLN's cytoplasmic domain at S16 or T17. In the recent years several dysfunctional PLN analogs have been identified in patients with impaired heart contractility. Interestingly, the mutations were particularly prominent at R9 hotspot, where substitutions of an arginine residue to Cys, Leu or His have been identified. We seek to deduce the molecular mechanism behind the interaction of these proteins, to gain the atomic insights into the regulation of contractility. For investigating the protein-protein and protein-membrane interactions, we employ an array of biophysical techniques, with an emphasis on NMR data. Conventional solution NMR techniques are used to probe the structure as well as fast/slow dynamics. Magic angle spinning solid-state NMR is applied for proteins with long correlation times to obtain the insights into the structure in the native lipid bilayer environment and the residues involved in protein-protein interaction. Oriented solid-state NMR gives information on the topology of the proteins with respect to the frame of the biomembrane. The ultimate goal is the development of ways to manipulate calcium signaling in vivo. By investigating the interactions between the mutant proteins involved in pathologies, such as dilated cardiomyopathy, we intend to build a picture of the pathways at the molecular level. This will permit developing methods for regulating the proteins with abnormal functioning, allowing to control their function under pathological conditions.
1128-Pos Board B20
Secondary Structure and Topology of the Transmembrane Domain of LspA, from Mycobacterium Tuberculosis, using Solid State NMR Spectroscopy: Initial Study E. Vindana Ekanayake 1,2 , Huajun Qin 1 , Timothy A. Cross 1,2 . 1 Florida State University, Tallahassee, FL, USA, 2 The National High Magnetic Field Laboratory, Tallahassee, FL, USA. Lipoprotein Signal Peptidase A (LspA) belongs to type II signal peptidases and it is an essential enzyme in one of the three distinct steps in lipoprotein maturation. After targeting the prolipoprotein, LspA cleaves the signal peptide to result in the signal peptide cleaved lipoprotein, which is the precursor for the mature lipoprotein. In Mycobacterium tuberculosis (Mtb), LspA is encoded by the gene Rv1539 resulting in a 202 amino acid residue peptide with a molecular weight of 21 kDa that is predicted to possess four transmembrane helices. It has been recognized in vivo that LspA is an essential protein for Mtb virulence and that it may also contribute to antibiotic resistance. As a result LspA has been identified as a potential drug target for the treatment of tuberculosis. Globomycin, a cyclic-peptide is known to inhibit LspA in a non-competitive manner. Solid-state NMR enables studies of membrane proteins in a lipid bilayer environment. Since the native-like environment is important for studying the structure and function of membrane proteins, ssNMR is increasingly useful. In Oriented Sample ssNMR used here, the protein is uniformly aligned with respect to the magnetic field and 15N spectra of isotopically labeled protein have provided initial structural insights. Here, all sample preparation steps and initial spectroscopy will be emphasized. Expression of LspA in E.coli, purification using IMAC, reconstitution of LspA into proteoliposomes via dialysis and the preparation of bicelles as an alignment media with different types of lipids and detergents will be presented. 1D NMR 31P and 15N spectra and 2D separated local field NMR spectra of uniformly and selectively labeled LspA will be shown. 220a Monday, February 4, 2013 
